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LARGE CARGO VEHICLE ISSUES 
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This viewgraph shows the general arrangement and breakdown of our selected 
expendable configuration which will be used in either a sidemount.or in me 

payload element. 
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ASE FOR SOK OTV - INLINE CONFIGURATION 


CO 


v 

a 


The total weight of the ASE components is 3409 lb. 
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LUNAR LOADS, L/D =0.14 

This chart shows the peak load profile spanning the control corridor for a vehicle returning fran the moon with 
an L/D of 0.14 to a Space Station pickqp orbit at an altitude of 245 nm. By utilizing the upper 5.5 nm for 
flight, peak loads are reduced to 4.0 g's. 
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REDUCES PROGRAM STARTUP COSTS 
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LUNAR LANDING! GUIDANCE & LANDING METEOROID CONTIN. THROT., LANDING LEG 
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OTV PHASED GROWTH - BASE SCENARIO 
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ACC OTV ON-ORBIT PAYLOAD INTEGRATION 
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ACC HARDWARE DISPOSAL 

This figure illustrates the operation of tankage and aeroforake disposal discussed on the previous 
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BAY VOLUME SAVINGS BY JETTISONING LH2 TANKS 
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PAYLOAD BAY VOLUME SAVINGS - LH2 TANK JETTISON 
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ACC OTV EVALUATION - PRO'S 
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DELTAS BETWEEN NEAR TERM EXPENDABLE AND G.B. REUSABLE 
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PERFORMANCE ENHANCEMENT DELTAS - INITIAL EXPENDABLE 
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LUNAR PROFILE - DIRECT ASCENT 
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98 KLBM SPACE BASED LUNAR TRANSFER VEHICLE 
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LUNAR LANDING GROUNDRULES 
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LUNAR LANDING ENGINE CONFIGURATIONS 


§ 


<U <D 



i 

i 



u % 

3 -t-1 *H r—H 
OH44 3 
4J „ p 

4-> 0) M 

O J2 *H 
O M 4J O 

>5 (T3 

*12 ° 

«H C 0) 

•H (O CO 




UJ 

iJ 


o 

04 
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CRYO ENGINE THROTTLING FOR LUNAR LANDING 
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RL10A-3-7 PROPELLANT FLOW SCHEMATIC 



























RL10A-3-7 PROPELLANT 
FLOW SCHEMATIC 
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SOLUTIONS TO CRYO THROTTLING DISCONTINUITY 

The possible solutions to the thrust range discontinuity problem are as follows: 

a. Modify the heat exchanger circuit and engine control system to accommodate throttling through the thrust 
discontinuity without causing unacceptable instabilities and chugging. 
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SHUTTLE "C" OTV CHARACTERISTICS 





LU 

3 CO 
Q LU 

££ 

O Ui 


UJ 

LU 

m 


X 

UJ 

UJ 

oc 


O h— 

lI CL 

< < 

So 


g 

LL. 

O 

O 

Q 

O 

gc 

O 


HI 

Q 


o 

co 

co 

CO 


ID 

gc 

Q_ 

2 

O 

DC 

U_ 


• • 



GC 

o 



CO 


I 


2x 

52 

O Hi 


CL 

< O 

Q UJ 
UU O 

Z Z 

2 ^ 

< 2 

GC 

O 

LL 
GC 
LU 

0 . 




CD 
< 
CL 

COO S 


UJ 


w “ => 

zQo 
O < uj 
w T S 
d f= a 
? o z 
nZ m 
§HJO 

CL i ~ 

zE? 
<o t 


io O 

2 oc o 

E U_ O 

D co co 

fc a o 

5|2 

L S Z 

jj CO CO 

58 = 


UJ 



I 



CO 

CO 

CM 


f9 TM 1Y!A fit ETTA 























O CO O 
4 J 4 J-H 
•G 2 
€ t 0 
43 ^ 

*G O o 


O 03 
O CO 
O 3 
•» <0 
in o 


y 

U W 

is 


O' 

C 03 O 
> 

G *G O 
03 G 4J 
> C4 
-G 03 *0 
G G 03 
0) 4-> G 
T3 4J (0 

... * a 


^ G 

*9 S 4 ^ 

&sf 

O ° C 
u <13 

> ■“* 
E-» CO 

o ‘H G 
4 : g 
a> e-» o 


ls» 

Ic- 

Ps G M 

a) -h X 


>1 G 
03 C 
43 03 

s 

O >1 

O' o 

G rG 

o3 a 

O 03 
TJ 

(0 

o 

CO I 

3 a) 
O rH 
43 4-> 
CO G 
3 

0) 43 
G CO 
3 _ 

O' s 

■H O 
4-1 G 
0-1 


CO 

*G O 

43 u 

h a 


0) 

u • 

c — 

03 CO 

£ c 

m 2 

4-1 ^ 
ii 03 
w U 

a) 5 

0- O' 

43 4-1 
O' C 
•H o 
43 O 


fS OT3 ^ CO 4-) CO O' 

S G 03 4J E-» C *H C 

O C CO 03 43 -H 

T3 fH <1> Z *G 6-» O' 

rj a> > | o 2 

<2 a <o ” v •* . f, 


a> » 
^ • 
0) 0) 


CO 

4-1 (0 


•» 03 

C o 

§ 4-> c 

.2 ^03 

« « 5 

K 5 o 

O O <W 
a o u 


m N 4-1 ’ £ 

«-g ’S h a 
81 2 ° « 
-h -g ■a io < 

03 6 C n 
T3 A « TJ 
O o o C 

£ ^ >» O' *3 
G G 

C M .H (0 ^ 
O d) H u ^ 

•H X) -H -U 
w G b 03 O' 

« ° (0 c 

“d cu g <i> 


G 

O CO 
U -G 

C 


0) 03 

2 a 5 u 

G ■*—' tii 


03 O 
U 'W 


x: -g 


O' O' 


43 o — O 
O' 4J ^ *H 

-G f*' >, 

43 O' 03 

c T3 a 

rn-G 03 

2 x3 0 ) 

.5 g u £: 


03 4^ 


G O 
O tt 
O 03 


*0 w 
« 2 

>•3 

03 y 

a S 

4-1 (TJ 


U *n f % w ^ 

<o y ,n £ 

■5 o 


a c 


<0 4 J TJ 4J 
g £2 


s ® 

•H-J 

0'*d 

c -5 


O' 3 
•H O 
03 2 


C CO 
03 5 CO M 
O 0/5 

c j= U< 


♦H O' 
03 O' 

£ C .= 
03 3 


< w 
03 

CO 

O 


3 -C 


J2| 4J 4-3 .r-| Jj 

•h ^ e o' 

G 43 O 2 - ^ ^ 

4J O 43'-U J W 'o 4J 

C -H CO 03 Z 

o £• . 


G C 43 
C 43 M ^ 


O G 

^ o; 
03 i) 

£ .G 

G 

03 o 


G 0 ) 
CO 
03 03 
H x: 


CO 03 


Z « 8 c a5 


•w aj 

2 -h aj -c 

(0 O CO O 
-C 03 C 

a a <13 3 


e g 

CJ 

03 03 
O' G 
03 03 


CN 4-1 
33 O 
>1 


jC 03£ 03JC O303G43 
HU^UjJHCbCOU 


z V 

-G 

G 43 

O OT 
4-1 

CO 

m .g 

CN G 
° 43 
O 

w "O 

V 

c 

03 03 
O 

J*Z -G 

C G 
03 -O 
4J C 

•G 
CM ,h 
O 'i 


03 03 
T5 

•H s. 

S-Q 

o 

G T3 
03 
03 G 
43 O 
G 03 

.9 G 


in 

CM 03 
O G 
• 03 


G * 

«s 

03 

CO ^ 
0 ) 

O' O 

03 3 

O' Z 
C 

03 43 
G E -1 

£ 

3 

£ • 
•G 

c c 

•G 03 
2 G 


»G G 
03 3 
•G G 
G G 
03 <0 
G 


C C 
03 NJ 
0 ) I 

43 O' 03 
< C 


03 >i 

£ x 

O 

03 a 

£ 03 
03 \ 


CO CO 
CO 

03 03 
43 G 
G O' 
G 

4-4 03 
O 43 


C0 4-1 
03 

£ >1 
03 43 
G 

4-4 CO 
03 

O' £ 
C 03 
•G G 
G 4-1 

T 3 T 3 
C C 
03 03 


£• 03 <D 

co <0 ^ 
4J 4-4 X 
*G G ^ 

c v j 

= £2 

CO ol 

O 

-G ^ CO 
C <® G 

O o 

G G 

^ *G 

-S.S 
|5 § 

** 7j -G 
CO 


CO CO 

c c 
o o 

G G 
03 0) 
O' O' 
C C 

o o 


>1 03 
43 43 
G 
T3 

03 O 
G G 
G 

O T3 
a 03 
0*43 
3 O 
CO 03 
G 
- G 
> 03 
X 

O CO 
Q* -G 
03 

03 a 

G 03 
•H G 
43 

0,43 
03 O 
G 03 
O'W 


co ^ a 
0 ) w ° 
o 2 G 

c ^ a 

a> ? 

u ^ a> 

v S -c 

^ W 4J 

^ on 

§ 

03 * 

G n O 

a In o 

G g G 

2 ^o 

l?: 

®TJ g 

^ o 

co a 

03 o 
•£ -g a) 
•G C 43 
° 4J 
03 «g 
G > 03 
03 o 3 “O 
T3 -G 

O C > 

f *2 

o c a 

2 ° « 

* -a .2 

Q) u 
43 G a; 
O C 4 J 
-G 3 G 
43 O 03 
3 £ 43 


264 
























SHUTTLE-C EXPENDABLE OTV (15’ DU 


X a. 

LLi >• 


~ O 
—J z 

CC LU 


cm rr 

CNJ t/ 

;; 


•• 

u 

►V 

!/*■ 


o 

X ^ 
UJ ^ CL. 
CQ “ >- 




X 

O 22, 


uJ o 

t CC 
X UJ 
CL O 

OC o 

O -J 


X 

2 uj 


— CO 
UJ O UJ 

I— LLI o 


^ in QL 

X tz 


• \ 


X 00 

O w 
= o 


OO^NNCOCI^ 
0>M (O OGO CM GO O 
nn^ot-or-N 


UJ QQ 


in 

CM CM 
<0 O) 
IO CO 
lO 


UJ o 

tz O 


x o 
a x 


CO 

O <30 


£ s 

Szkh 

JOhIA 

23£5 > 

5 |oho .g 

l_ n cc uC u Z 
OTOOq.H£ Z 

21 OC > — uj 2 z 

< H Z < CC Ij . O 

hcoujSOiuoo 


g j 

UJ -I 

> UJ 

> a 

> O 

£ « 

o a 


64549 I 265 MANNED SPACE SYSTEMS 

































>1 4J 


co <2 M 

0) JC Q 



uj 

CD 


o 


a 


<u 

M CO H 

a «tj 

3 aj 

co *H j2 
■H CO £ 4J 

'hi 



CJ ^ _ „ 
s oT OJ 
o X 

<D • 4J 
•H <D -U 
^ H >14 £ 
.p £} *H -LJ 

^ (3 fH Q 

x: *-» ja 

C/3 -H CO 
03 *H ^4 

p > jd o 

H (O iJ 


266 




















EXPENDABLE VEHICLE COMPARISON 



a. 


h- 

CO 

CM 






































Structural Subjects to be Covered 


© 

I 

O 

n 

CO 

“O 

c 

© 

Q. 

X 

LU 

o 

o 

< 


2 go 

§ 

, ° 5 E 

I ; 03 
C/3 LU Q 

=g So 

< o; 

u ZO 
Li LU LU 

-I »h 

* O LU 

< 2s 

! I I 


o 5 

Sj g 

i“« 

03 > 
2 £ 
= t 

O < 
O CD 

I I 


£ 

o 

0 

CO 

■o 

c 

0 

a 

x 

LU 


z ^ co 
3 o w 

O -J > 
s LU d 

111 Z 2 

9 □ < 

0) s ui 

OC oc 5 

O o < 

u. LU pc 

111 UJ & 

03 0) £ 

< < < 


O 


H 

O 

© 

id 

co 

03 

3 

© 

cc 

O 

c 

© 

03 

O 

& 

O 

© 

cn 

© 

CD 

■o 

c 

3 

2 

a 


LU 

X 

< 

oc 

03 03 
O X 
OC Z 
LU < 

< H 
I I 


preceding page blank not filmed 


MANNED SPACE SYSTEMS 


















ACC EXPENDABLE OTV BASELINE 


> CO ^ 0) 

EH G £ • (0 

o <0 <T3 O' 6 

> 4J CO • n 

0 ) H I <j) <U 

.H o M <y X5 

xa 2 x: % 

io o 4j ^ 

S <B * 'w o g 

s T3 7 o -H * 

X § >, <u **• 


T 3 5 

<U 

4 -> 0 ) 


« c 

£ <D g 

*X) 9 * 


« 5 iig, 

• -| 5 S« 

01 x: 9 o o. 

i. Ou i? *H ^ f * 
3 <0 2 <H <U 

2 u 3 a "2 

° 5>2 ft® § 

^ > 1 2 c « 

c (jifl « 0 * 

3 c i 5 ti e 

o -h *3 s ^ S 

TJ O C 4) jJ 
.*(0 3 W m 
<0 «M O -3^. 

<0 * C oj 

^ <u O' o ® 

XI -C -H M *73 

■,**. 2 *«« 
£ci2 >£ 

a>° m 9 
•?. C 2 cno c 
«S fl -H O 

3 o jj ai -h 

-X c CH w 

? w 5 O^H 

S s o (0 ^ 

* a) § « a 

£ cp <u ^ o 

C ** c c 0 ) H 

0 > CJ 2 *o» M °* 

iy 2 g’ai . 


a) < 

cx» 

c a> 


<o a> x: a> 
^ s 


3£|« e S 

11 c H £ M 

c 5 O' o <w 


3 c « C U u 

-H -H W -H 

^H-S 01 oj * 

2 ® ^ o jj a> 

<U u c c *-> . 

c o o c a> *h 
<D Q, 0) C (O o 

CP <0 TJ jo O ^ 

c <u o a Qu jj 

0) ctj co >1 £ £ C 

x: u co h o o o 

h «p xa o o u o 


•H »H M 
H H d) 

i a> 

H g H 


<w ^ w 

O 3 <0 

•g > 

9 *J T3 1 

« a) 

5 4-1 o 

* H o « 
01 <u o* 

•SS 2 
(0 <0 
4J *H * 

a a) 

(P xa 

i -4 C 
CN -H H 
CM «H 

CO Tj 
r -4 (D 2 

<•2 * 
«*» m w 
jj 

> "O 

1-3 2 

2 c i 

M CM <D 

o) L u 

m < c 
<0 *** <y 

£ T1 ^ 

X XJ 

° £ 

M flJ C0 

a> co 

ITJ ^ XZ 
Q) 

C 4J 
•• *H C 

<u cp gj 

M c £ 

aj <u O* 

Sf §• 

gi ® 

S 3 y 

^ S 2 

<2 o 

t: itj 


•H 

T 3 *“ 

CO 

0 S 

(0 HI 
£ 

o 

d) CP 

JS o 

H CM 


^ £ 

a) 3 

■U 4 J 
(O (0 
>1 > 
C0 CO 


270 

















ACC EXPENDABLE OTV BASELINE 




LU X 
O CO 


LU LU 


LU 3 



X h- 
O CO 


co cn 

















ACC EXPENDABLE ENHANCEMENTS 


<D 

A . 

^ A 

<u H 
O 

4-J m 

c 

05 4-4 
6 O 
05 _ 
o ^ 
03 C 

CL > 

& 2 


S T3 
0) 05 
4-> O 
CO C 
> <0 
CO JC 
C 

C 05 

o 

•H 4J 
CO w 

i-H ^ 

C3 *H 
CL%4 

S5 

Qj -G 

U 

<D - 

x: s 

5 o 

^ M 
O ^ 


o.'g 

S § 


JG 

O' 

3 O' 

-M -h 

y~> Xi 

2 o 


■H 

^ a) 

” -w 


05 

C0 5 

_ r* 


3 

T3 

•H 

05 

a) 

5 <15 
m > 


C 

»H C 

W 05 
05 g 


03 

u -H 



•H 

4J 

• 

CO 

.C w 



4J 

0) 4J 

n "3 


c 

> ^ 

2 CO 


0) 

2 

»A 

Q« o5 


£ 

<u 

0) w 

S <15 

•** Li 

G X2 
O 


a 

4-> M 

O 05 


c 

_ X 

G x 


05 

x; 

o t3 

4J *H 

■H 


c 

_ £ 

2 2 


05 

§ 3 

2 ° 
‘ H G 


<u 

•H CO 

4J 4-1 


x: 

4J X 

m 


4-> 

03 C 
a oj 

C5 XI 
•H’Jh 


CO 

-r-4 4«J 

4-4 


3 

4-4 

-h 


O 

*H ^ 

T5 cn 


x: 

T3 

O 


C0 

O ° 

6 ^ 

e 

„ 05 




T3 05 


G 

4-> J 

C > 


05 

CO | 

H H 

O 05 

• 

XS 

O CO 

05 

o 

* H < 

05 

r-4 


4-1 

co x: 

O 

CO . 

jC 

o 

-H 

*H > 

05 ±j 

05--H 

x: 

jC H 

jG *h 

JZ sz 

05 

E-* O 

H 3 

Eh 3 

> 


272 


















ACC EXPENDABLE ENHANCEMENTS 


LU CO CO 

o<t- 
Zpz 
LU — CD 

OTE 

2<g 


OJO<ONNNON^ 

0)U)<tONCONCOO) 




aOIONNNCOCI^ 
Qinq-OCI COM COO 
MOMOOt-Wt-IO 


(00(0 SN NCO Mto 
om^rocncocMco'T 

r-(ON(OOi"CO rIO 


5 

JSg 

5s 

gz 

coog 

zcc> 

^ H- Z 
HCOIU 


CD 

Z 111 
LU Z 
O CD 

of 

Si 


-J LU 
Eh 
HCfl 

G>- ^ 

z« o 

Od Z 

Po “J 

<9 .CD 
?EOz 

LU ^ ^ 

CC Ij . O 
O LU CD O 


O os 

2S 


CO 

CO ^ 

LU 5 

$ $ CO ^ »— 

CC ^ O LU d 

U_ _i Z ^ 

|«,uj<s 52 
w <c S cm <r cc uj 

t oj cm m o 

Q < < UJ H- UJ ^ 
o. _ o o O q a. 

n w sJ - 1 2 j c 
OwClZo. 

^ UJ in 



















73 U 
C (V o 
(G jQ 
g CO 
<U <D Cu 
£ £ 

3 <0 

•h ^ 

O O 73 

> <d c 
oa m 

a> 

•£ co 

4J • c 

c 3-2 

o SC .u 

^ < "O 

£ < o 

, A ^ 

77 i2 C 

a?-H 

5 £ T3 

■* 2 «j 

ffl ■Q 5 

c 

* >S O 

** tj5u 

jg ^ o ,-h 


(G >i 

g 

73 

C X3 
(0 0 ) 
C 

S *H 

«£ 

f* c 


*0 8 

« * 
o CO 

3* c 

£ o 

O -H 
U 4J 

o 

CO 0) 

C CO . 

O d) 
•H 0) M 
4J ^ 3 
U t-> 4J 
(U 3 
CO O 
• 3 

a 05 m 

3r 

5 a) w 
,_; > 

•h rj g 

•a >3 

m ^ S 

03 u 

2 g <u 

32 G G 

G 4~> 

> <d 
i Cng 

'O o S 
C 4J o 

•H M-| 

T3 

mh <u o 
o c .p 
a) 

co -U T3 

l) W <l) 

CO T3 

-H 'W rH 
CO rt , fi 

O ^ 

8 <0 'O 


P 

•H CO 

o 

G <U 

3 

3 4J 

(G 

CO 

0) rH 

CO 

-p a 

3 

cG 

M 

rH <D 


a o 

*H 

<u 

G <-* 

G 

<u a 

H 

5 co 


co 73 
5 C 
V (G 
•H 

> CO 
, 0> 
^ c 

2 *H 

Is 

jj 

O ^ 

a> 

co 

C 

CO -H 

CO 73 

O 3 

P rH 

o o 
c 

rH -H 

(G 

O * 

•H n 

3* rH 
>1 

U V* 

ss 

S W 

G 
73 O' 
C * H 
CG 0) 
3 

<u 

£ <D 

<o g 

P (G 
MH m 
JH Cw 

*H tj 

« -H 
OJ m 

5 « 

4H ^ 
O 

5 • 

<D co 

•H P 

> a) 


a) 

« £ 


3 

o a 

G 3 
CO £ 

2*h « 

1,2 s 

O (0 

a si 

.5 8 

•H 4—) 
JC *•-* 4J 
£h O <G 




274 





























<7> C T3 
C O C 
•H tO 

CO T3 

3 * 

CO <13 

13 03 £ 

<D J2 

4J M 

03 CO 4-1 

•H fi M 

3 3 -H 

O « 

3 2 B 

<i 

n ^ 3 

m > C 


? a) 


S W 
(0 
to 

p &4 


03 TJ 

2 -a g 

Jm rl (rt 


C M 
<0 0> 
•H 
* 4-> 


M-I J3 4h 

C i 1 

of 8 


O fi 

-h 

-M p 

03 G* 

•H ^ 

•5 « 

+j 

a^r 


o 2 

°'d 

S 3 


£ ^ o c 

o * 

si ® 

•* *o 5 ^ 

5J g cj 
£ >,H W 
4-» rH CO <U 

o < ^ 

OM 2 M 


<u aj t3 

4J 4J s (U 

^4 *H 03 N 
tO j3 CO -H 

cu Q* <“l 

(0 0) *H 
CO U SZ 4J 

< o u 3 


0) T3 
M 03 

o c 

O *H 

o 

s 

m 

o 0) 

4-4 M 

to 

03 

CO 

4-1 C 
O O 
-H 
T3 4-J 

a) a 

w <u 

o CO 

a 

6 <u 
o x: 

a 4J 

CO 

c a> 

o u 

•H 3 
4J 4J • 

o a co 

03 3 <13 

CO S-l 4J 
4J 03 
0-1 CO |H 

3 a 

4J v m 

•H -H O 
3 M 

J 3 c 

<U CU 

rH « 

to <u .. 

•85* 


> e o 

-HU 
T3 O 3 
C 4-4 qj 
-H *rt 

0 C 
4-4 O 


CO • T3 
M CO C 
CO 4-> tO 
•H d) 

CO 03 T3 

c x : 

O CO ^ 


O 4-4 w 

3 >1 

*0 £ 
co a) ^ 
co ”0 ^ 

3 c <u 

m o x; 

4 n A u 

_ a> 
a) *0 ^ 
x: c o 

E-> 03 4J 


CO 3 >4 

3 C to 

Q) 03 «H 
•H *H 

> co S 

r-4 C W 

03 -H 
C 4J <t3 

O 4J 

*H 4-1 

£ <M O 

<u "9 

« g'S 

(0 -H 4J 

s? a 

2 -H -H 

O g <D 

<tj rj 

2 -o 

9*5 2 

^ — CO 


0) * 

sai 

H 5 O' 
>« S C 

M iu^ 

•H tJ » 
«J -H 3 

<U fl > 

x; a) - 0 

•h H g 
0 % 
3 w 

2 «5 a) 

•r* u S 

^ 5? 03 


0) 

2 S 


r—I (1) 
5* "™ ^4 

1 n°3 

■g §■“ s 


u -W 4J CO 

£ a c 

CPJ3 a; | 

cm <u J| c 

rC CJ *H 

co M 03 S 
•H 4J 3 
3 <4-1 U H 
6h O 03 03 


276 
















AIRFRAME - COMPOSITE 
































o H Q) CQ 
£ (Q M 4J 

4J -H p O 

ctitjg • 
° S 2 ^ 2 

C -H iJ m 3 


C •* 

g-S 

•g§ 


<u 3 

H (0 


a a> 3 S 

« «g 5 & 

« &><!> I 

• H * a g*^ 

CO ll TJ <*> u 

0) 3 $ <N 

SW'H ATJ 

•g ° > «8 $ 

_i *H jj 


*c S' *0 TJ 2 

5 5 « s 

^ ,p| Tl jj *n 

, 4J g co T3 

5 2 <3 s « 

*H -pn 

f0 CO CO 

3 c ” <g " 

AS 8 ° w ofi 

g in j 

(0 O Cu 
Jj (1) ft3 Jm| 

u «w o ® 

4J 3 4J f* 
C CO 4J U ^ 
03 CO CO 
H (D 0) 

*H M 4J 

a) o. ■£ _g 

o o» o 3 
M c o 4J w 

O.** M U_| <u 

g»2 a o|, 

c o.| ®*° 

r jo 

U | j_, 

p a) 

51 "S -1 

■°35g] 

lj 2 rH 

° ^ 2*'"° 

^1*5 d.2 

® 4-* sS.!! 

n A. S !<5 o 


2^93!! 
£ « e 2 3 

$ H 2 W « 
O £ <0 
O *° <U (U 
^ • C £ 

a 4J -r £ jj 

m *0 cn 

d) fl 3 TJ 
£ £ <1) O C 
E-* O £ £ «J 


278 














MAIN PROPELLANT TANKS 



o 

<5 j» 

I > 

S ^5 

<a 2 

5< 


® 3 

Q CO 

a S 
5 a 


« 3 

a S 

|-a 

C es 
« 



MANNED SPACE SYSTEMS 























a 

55 

at 

Q 


CM 

O 


S 

„ C 
CO (0 • 

•H c 

CO ** -r4 
> <D I 

h u in 

(tj M CM 
C o O 

<0 4-1 . 


. , CO 

CO 

5 


cn 

o 

CN 

*P 

h4 

i 


CO 

CO 

<u 

P 

4J 

CO 

c 

AS 

■P 

CM 

o 

a) 

x: 

-p 

4-4 

O 

CO 

-p 

f-H 

0 

CO 

<U 

P 

<U 

.C 

4J 

CO 

3 

o 

-C 

CO 


<D 

C 

<0 

p 


i 


<TJ 

T3 

C 

CO 

CTi 


C <N 
-H CN 
D> 

P PJ 

S 


<U 

> 

•P 

-P 

CO 

c 

P 

a> 

■P 

i - 4 

<0 


>1 

4-> 

-H 


00 


_ C 
O' O 
C *H 

-H 4 J c 
CO <TJ 
3 CM c 
•P 

■o s c 

0) * H 4 4- 
N ^ 

g*T 
o a 


*H 
(T3 

ft 

O 

CO 
C 

H ^ 1 

u r— • -H 1 
3 <TJ <D 

rP C 2 

O -P 

c cn (0 

•P -P 
P 
* O 




CO 

< 


-P 

p 

<3 

XX 

a 


CO 

5 


P 
0» 

2 M 

a c 

<o 

rP -P 
CO f-H 

•p <d a) 
x: x: jc 

H W H 


O 

0) 

*0 

C 

a) 


o 

a 

a) 

p 



















TANK DESIGN 



PRESSURE - PSIC HEMBRAHE FORCES - KEPS/IN THICKNESS - IN 

























cc ■ 
o « 
« « 

m c 

<u “ 

.c 2 


co T3 
03 G 
5 03 

<u "g 

O' $ 


Tj <0 

3 5 
w T3 
C 

CO 03 
-H 

CO ^ 

>1 <u 
•H O 
03 M 
C O 
03 <W 


i c 

£ o 

»H O 

c 

•H CO 
£ <? 


C ° 
•H 2 
I ° 
tn^ 

° J 


CO 2 
CO G 
rt) 03 


IS * 

*4 -. 

Sc 


n <u 
c > 

03 -H 


£ 4J 

^ CTi 03 

C C 

m c cn ^ 

J S * c . 

« >n c -H 2 

^ cq (d . 

<w -H 3 .H ° 

° 'S 'O £ o 
<oa®^ 
ft .h a v 

^ ° w o 0) 

G U 

« g 1 >. 4J 3 

u □ O' <U 

a, 3 m a) 

^ n 5 3 2 

I) CJ flj 

U c 0> 03 3 

CO * H -H 

2 M eg a) 

o * O < O' 

c* o3 

M I CO # O' 

U 2 T3 g 

t! O' <u 3 

£ o ^ T3 £ 

5 m ^ c *h 

«c a g o) c 

o 03 p -H 

H 4J g £ 

CO fH O 

■H 0 d) O 1) 

GG G (D.C 
E-» C0 E-» M 4J 


282 




































OTV DEBRIS/METEOROID ASSUMPTIONS 


03 d> *4 O T A 

*H U Q A C 03 

54 D 44 C 

A CO M O 

0) 03 . d S * H 

t: qj c s « jj 

14 2 -H 

<D ■ 4J C Tl 

p \ ^ 


g.£j£ 

nr a * 


0 <jS 

_l mmt _I r "N 


2 -H 

u a 


i£°S 
P o . 


u V 

<u o 


*4 £ A 2 5 M 

°s i§ s 

§ O' W ‘".jj M 1,5 

•h 5 S° ‘ H 2 

w 7 I JJ 2^-2 

CO 9 ^ A A d) 

A 5 M O A 54 A 

g Q< u o 

CO -H . > c C 

U a c J^ o 

3 2 A *H dJ*H H 

Cu § I > JJ -H 


a 8 

M W 

0) % 

A 

(0 <0 


m _ 03 *G 

• 0 U i# 
O A 4 J 

•Q *2 
C M rn 


<n 5 tj > c 2 

m £ § « al 

<x> M 03 ^ 03 


04 3 
g CO 
2 CO 

A d> 


^ ^ u<i o-i X 

CO CO <D o ^ 

co a a u , 

a) c a) m ^ 

u <d c ® 3 


>1 a) 
A 54 


m a> c ^ 

* a i > 2 ? 


G c <u -c 

T 111 


■h -h ^ a 01-4 

fl <u n -rt 4J 
(U u 03 

A -H c A -H 


•H ^ 

A 3 

03 u 

A 

P A 
54 _J 

a 3 


nf 2 ‘ H a 10 

_j 1 *H Q 4 > 

hH 4J * O ** 

;< A w ^ d) 

> 6 u § 2* 3 

E-, 3 « g <o n 

o e ■§ 

•H «. * 


Si 

4-4 54 


CO 

<u a) 


2 m 
•d a> a 


2 A A u d 2 

03 4J e o 

a k. «i Jbn 


o 

a 

O i2 


<0 'O 54 


A ^ ^ 3 

CL’2 4J . 


o * 

(0 A 


o 

(T 3 to 

O 

a a) 

<D A 

<D 2 

e s 


a 2 
s ^ 


a *2 p ^ 

^ n a) 5 


03 W CO 
u a) c co 
3 X o o 


U U c 

• o 4 -) ^ 

H 3 4 J CO Q 

h d a) o *h 

(T3 0) O X 

3 « £ H ^ 


• O O' 03 co "O 
03 U C m to -H C 


CJ» 

S M 

•>*1 <D 

O 4J 

a I 

co 5 


o)h e 
605 

<0 4-4 A 


M CO 
<J) *H ^4 

a ^ 
g Eh a 


T3 * H 

CT3 « « 
<0 jC ^ 

a) 73 ^ 

03 fH 

<D O lLJ *w 


O A 
O 4J 


a) j^i a) o 

A o a A 

4 J 4-1 4 J 4J 

•H T3 ^ CO 
*H d) o <D 
(T3 w O g 

CO jj 
M 03 ^ 

O (tj ^ 

a 3 o 


4 J >1 

C 4J 
d) -H 
i-H 03 
03 C 
> 0 ) 
*H T3 

& 3 

d) O 

rH 

<D 

«C 44 

H O 


CO 4 J 

2 tJ 


» 1 

m ^ 
CO 5 


5 s 

u ^ 

*H 

rC ^ 


a 2 % > 

<U^§ W 
W T3 fl 

e . , n 

O 4-» 

ufl 5 id • 

<w <D C > 

ti to <p +J 

T3 3 ^ CU-H 

<U O w co 

4J U ^ ^ C 

<1) A T3 

^ - >4 4 J 


03 4 J 

<D (TJ 


H 2 <TJ 
d) G U 
4J -X 4J 

o P a) 

c 4 r 

»5a 


XI u 
o T3 3 
c <U ° 

m -U O 

2 « o 

dj m 
44 3 >, 
44 u on 


W4 

d) +J 


CO S 
■H 


M d) 
t3 rC 


4J <U 
-H <H 
C *H 
P 44 


- on 

0 <d 


<n jj 


on <u 
to a 


o co 

m a> - 

<D *n d> 
Q* O H 
54 O 


to 4J 
d) d) 

a c 

<13 

2 a 


m jj 

» 6 « 5 

“■'SS a 

3 +J <u 
• <D c JC 

•H gnu 


^ O 

3 2 . 

In <d 

d) -h 
54 >T 

a) o 
A C , 
4J 

54 

cn o 

C 44 
•H 

-C C 

g o 

03 -H 

<D 4J 

^ In 
g §• 


o >4 <U 
(0 JO > 
Q, d) M 


■H ^ 

co <n Iti <u 


rQ -*-* d> 
d) *H r*. 
TJ 54 5 
U 

a) -o 

JJJC 

5 A 03 

a 4J 

03 U 


CO W 

* 03 

® ft 

y -h s 


C M 

S X) 

5 s 


. 'S <U ^ M 
> U T3 H 44 df> 

^ ^ in 

3 V H - O fH 

4 4 ^ H m 


O 

03 ' .. 


t! ^3 


• c 
co d) 


0) 

4J A 


^ A H) co o 

2 O 03 -H T5 

c 1 > t_i 


^ , 

S a 4J on 44 

on ® jC 3 
a <d c u 
A a) a) 

< H a B 


C 44 d) 
03 44 g 
A 3 3 
U 03 03 
0) C 03 

s *4 <n 


1$ 

in 

& o 

03 

44 ^ 

A 

M H 


a g 
o ^ 

«u A 
CO C 
<U 

M S 

A O 

s e 


d> ^ 

2 d; 2 

A A 
J4 73 44 
O ^ 
a44 
03 O 0 


<D 03 CO 

•a o co co 

o^22 


c c 

A ^ 

^ -H *H 

o A A 

r 4 4 


•H a> 
03 

44 03 


■H A 


A TJ O on 


< CsJ 
C /3 ^ 
C O 
2 OO 

C < 

• S ^ 
CO ^ 

M C 
.2- 
a3 a> 

A d> 
03 A 
g co 


co dJ T3 ^54 

P X3 d) <U O 

c 3 CO T3 A 

n a 2 3 U 

7 , j A A 03 

rg '2 -H A 
73 £ A 


A A 

d) *H 
T A 
A 

8 * 

a JH 

03 £ 


X H ^ 
03 C 

*H 

O A 03 
^ O D 

CJ 

tJ c o 

03 O A 


w • * * 

(§ (SJ co 4J T 3 
« l: 93 u 
o ^ S fl 

_ 00 ^ _ 

° 04 <D 


u < a « 


03 T3 


03 W 

<u z 


9*q 


d) y 
> z 


pr m •n 

&A A 


C • 
03 03 
T 

• *. *H 


2 M O 
03 d) 
>W 4J 


vy 

>< tP T3 A 

p CU A 


C 

O TJ 


® O >, 
d) 2 ^ 

a rj 

a CO O 

o ‘ H 

A 54 d) 

^ A A 
TJ 


C T3 S 
O T3 <U & c 

•H c 03 w d) 

A (0 3 > A 

03 O t> 

M ^ 03 O ^ 

D 03 . 2 A 


>1 A 


w Eh 
CN § 


A 

> t! 


co T3 


A O CD TJ 
-H CO A .. 


O C A -H 

<P O 4 J 

O CD TJ 54 o 

CO A 9 03 

A A d) A 

A A A 

44 A d) A 


•H 
X A 


d) P O •• —- 54 
A A 54 G CN O 
Eh A O. O ^ A 


A ( 1 ) d) 

w A A 

A A 

• « ^ | 

G CN O 

















OTV DEBRIS/METEOROID ASSUMPTIONS 


c n 


CO u. - -J 

z o 5 < 

2 a f I 

till 

S 5 o 2 
§ 3 ' 3 
% * • 


UJ * 

!“ CC 
< Ui 
CC I- 
H UJ 
UJ 2 

Ui 2 

o. Q 


< 5 

QC 

h- cc 

UJ UJ 

9 a. 


UJ Q 
.J UJ 

S UJ 
H H 
CC ►“ 

< 2 

CO 

QC H 
UJ o 

H Z 
UJ 

;= co 

2 uj 

< =i 

5 X 


3 § 

2 d 

0. 


* a 

LO UJ 

2 2 

° 3 

A| <0 

™ CO 

> < 


UJ 

Q 2 

_i o 

< Z 

2 

CC )- 

< E 

oc z 

Si 


< s 

CD 1 

o « 

S <S 

CD ^ 


CO 2 < E 

z s H S 

UJ CO 

0 2 3 2 

O 2 0 
< CC , cc 

It: u. -j u. 


< H 

5 £ 

UJ 
UJ Z 
CC UJ 
3 CO 
CO 

CO O 
UJ z 
cc 

0. . 


< * 
bt Z 

CO UJ 
> © 0 . 

4 o2 
Z 3 

O O co 


. HI CD 
+ «J CD 
— < UJ 

uj > 5 

3 n 

2 o — 

3 UJ X 


ffl 2< 

Q 2 o 

a s>- 

£ co x 

O Uj CM 

H» cc • 

<0 

... 2 || 

ui o 

CD ^ CC 
r lli 

-I < H 

d z UJ 

5 £ | 

CO z g 
s UJ o 
CC Q. 
co co 

UI H nr 

Q Z m 
UI [J] 

> 2 Q 

— o 

O < -I 

o *S 

-J u. cj 

UI _ f= 

5 2o 


□ * 
< o 


v |— 

* < 


O “• 

h* CO 

Q § 

S s < 

O fi ui 

Z_.cc 

^ z < 

< o 

CC u. UJ 
_ cc 
CO O 3 
UJ Uj CO 

5 $2 o 

Jg w ^ 

h- x 

o Ui 
Ui o 
rr o C4 

§ w s. 

CO O ° 

O 52 ^ 

a 

x . . 

UJ 


S O 

o CO 

CC 

o 

Ui 

















PROBABILITY CALCULATION 



286 












OTV DEBRIS/METEOROID EXPENDABLE 



287 MANNED SPACE SYSTEMS 


















OTV DEBRIS/METEOROID BUMPER SIZE 





03 . 

rj 4-4 

XJ 

<2 o 

TJ TJ 
G C 
g (d 
a 4 J 

x co 

0) 


c c 

<TJ *H 

I 

5-4 VO 

o • 

&L4 O 


OJ 


•H 

3 


X 

c 

0) 

a 

c 

o 

u 

-H 

> 

c 

<D 


O 

X 

X 

CO 4 J 
0) *«-4 
0^ 3 
C 
OJ 

X • 
O TJ 
03 

G m 
<0 TJ 
•H 


03 

X 

X 


oj 


o 

X 


u 

o 

4-4 


TJ 

C 

(0 


$-1 

oj 


T3 

<u 

•H 

4-1 


r? 

O 


O 


O 

6 


co 

CO 

0) 

C 

>1 

a 

•H 

x 

X 


4J 03 

c c 
a) -h 

E s 

C7» 

03 


M 

4-1 


J-i 

a) 

X 

£ 

TJ 


5-4 

a> 

a* 

u 

(0 


TJ 

•r4 

O 

u 

o 

03 

x 

oj 

€ 


TJ 

C 

<0 


4J 

a 

(D 

£ 

C 

O 

u 

•H 

> 

c 

03 


C0 

C 

O 


TJ 

<13 

•*■4 


03 

X 


X 

0) 

a 


o ^ 

-H 


73 

a> 

CO 

(0 

0) 

u 

o 

G 


o 

X 


a) 

x 

4-> 


j-i 

o 


4-1 


<u 

CO 

o 


3 

o 


a 


a 

X 


TJ 

O 

a 


3 

O 

3 


M 

O 

4-1 


oj 


4J 

CO 

3 

a 


0) 

X 


a) 

r* 


CO 

-H 

U 

XI 

03 

TJ 


C 

•H 


0) 

u 

oj 


CO 

c 

0 

•H 

X 

o 


a 

(0 

5-4 

O' 

o 

U 

a 


3 

O 

26 


<u 


x 

X 

c 

O' ^4 
-h cj y 
CO -H 

03 co 
TJ ^ 

a; 

M 

o 

G 

•H 


TJ _ 

a) 


x 

o 

X 

03 

5 


3 

O 

x 

CO 


oj 


03 

x 

X 


0) 

X 


oj 

x 

X 


a 

*H 

x 

0) 


X 

03 

CO 

3 

03 

5-1 


4-4 

O 


oj 


aaix > £ 


CO 


03 

x 

X 


•n 

0 

U 

a 


<13 


C 

•H 


<u 

M 


03 

a 

■H 

x 

03 


4-1 

4-4 

O 

TJ 

C 

03 

X 

CO 


3 
O 
X! 
a co 


G 

CT> 

•H 

CO 

a) 

TJ 


o 

X 


5-1 

o 


x 

c 

03 


03 

X 

X 


T3 

C 

03 


CO 

03 

CO 

03 

03 

M 

O 

G 

•H 


OJ q_| 


03 

CO 

03 

X 

4-> 


d) 

X 

X 


X 

03 

V 

G 

0> 

a 

x 

03 


g. C 

•H 1 


X 

X 

o 


o 


o 

5-4 

-H 

> 

c 

03 


CO 

03 

TJ 


03 


M 

03 


03 


CO 

U 


03 


3 

G 


73 
03 
X 

a 

03 

a o) 

X co 
03 03 
X 
X X 
CP 

3 X 
o 
X 

4-5 


5-1 

03 

> 

O 


03 

X 

4-5 


0 

03 

4-4 

4-1 

03 


X 

C 

03 

a 

G 

O 

U 

•H 

> 

G 

03 


c 

03 

a 

c 

o 

5-1 

> 

G 

03 


O 

X 

03 

> 


Cn > 
G 03 
-H 
CO 

3 M 

>° 
X 


03 

X 

4-5 


c 

■H 


c 

o 

•H 

4J 

Q 

03 

4- > 
O 

5- 4 

a 


TJ 

03 

5-1 

•H 

& 

03 

5-1 


03 


X 

OJ 

co 

3 

03 

M 


4-5 

c 

e 

c 

o 

5-1 

-H 

> 

C 

03 


X 

4-5 

O 


o 


CO 

03 

CO 

OJ 

03 

i-i 

U 

G 

w 


TJ 

03 

co 

05 

03 

5-1 

O 

c 

•H 


0) 

X 


4-5 

D> 

a 


03 

X 

4-5 


03 

CO 

5-1 

O 

26 


TJ 
03 
CO 

o 03 
Cu co 

O 5-4 
5-4 O 

a 5 


05 

4-5 

03 

X 


c 

o 

H 
r- 4-5 
O 


V4 

o 

4-4 


4-5 

05 

X 

4-» 


CO 


TJ 
03 C 


TJ 

TJ 

05 


03 

4- 5 

o 

5- 4 


03 

G 


0) 

X 


ax 


o 

TJ 

G 

OJ 

X 

CO 






















OTV DEBRIS/METEOROID BUMPER SIZE 

■ 


< 

OC 

H 

LU 

UJ 

CL 


LU 

O 


o 

oc 

CL 

O) 

O) 

o> 


LU 

UJ 


CO 

z 

o 

H 

< 

Q 

2 

UI 


O 

o 

UJ 

cc 


Q 

UJ 

N 

53 


• • 


S o 


cc 

UJ 

Q. 


CD 


c n 

in 


oc 

UJ 

Q. 



UJ 

< 


O 

UJ 


CO 

z 

UJ 
Q — 

< 

UJ 

cc 

< u. 

o 

05 
UJ 
05 
05 
UJ 

z 
o 

O =r 


£ 


o 

< 

UJ 

CD 

UJ 

05 


UJ 

05 

UJ 

X 


at 

oo 

CM 


MANNED SPACE SYSTEMS 



















DACC COMPOSITE SHROUD 


XJ >1^ 0) 

c x o x: 

o m-i +J . 

Q* if) 

M a) w S; 

0) -H (VI 

C < W . 

c m cu o 

•H m w 

r W 

<U Uj g* O -H 

£5pH 
H CQ ^ O 

X O* X -W 

4-> 

. O' 2 h a 
0) c C (M M 
U “H 

3 « £ r w 
X5 P f® rH V 


CO .* JC 

0) -H CM 


O ^ 
3 * 


r C 
to 9 


3 M m w 7k 

Ss^2 


M X r? 

±J M 2 JH 

«J-h c •* 

4-1 O P 

— -i 0* 

O ^ 0) 0) 

.h 4J a u 8 

3 •* § $> 5 

•o -g ,H' ^ 
c S' O i T3 
<0 2 > * 5 

W M 3 

*K*° 2-3 

0 £ cu 

3 < <#■ c * 

«*oS -S 

“ C 10 CM 
~ 3 m M « 
■dO J 3<o 

« 3 2 3 oi 

4J *Q 

#ChO» 
•C <D £ *H 

.1 * 5 2 

§.£!>" .2 


C 

o>^ 

•H 

CO (1) 

£X> 

T3 

a> 3 

C *H 
•H 3 
rH 

<U CO 
CO c 
rtj *H 

X> .* 
CO 
<D 

x: m 

4j a) 
4J 
C D 
W O 


■h ■*■* 

•H «* 

w ” 
o ® « 

g. £ .£ 

O <u (O 

n 

CO *H O 

•2 « n 
x: o o 

H ft (9 

e 

O CO 
• u p 

C r-» 

-H CO p 
CO 1-1 TJ 

a) r o 

M i> £ 


u * o 

(0 *H lO 

h w^r 

d a * 

a 

•H O rH 

td o 
C O <w 

0)^0 

Q.VD 

J-l fH CO 

“ 0 9 

•H 5 O 

<0-H g 

U «* B 

cn M 
o* q 

0) S 
_c <u g 

5xx 

U 4J CO 

5 o <0 

*5^-0 
9 u c 

v * * 
o ^ 

2 O -W 

«J ^ a 

"So 

<0 fi*o 
^ #0 

u_. ^4 O 


T3 5 
a> n 
co ^ o 

2 o 

S- E 5 

8 " 2 

m » O' 

M «J 

•H £ <U 
rt» >c 

.8 3^ 

8 « 2 

?S3 

<u rl 

•o _ 2 

a) «o 5 
c c °* 

“H rt 

H J< « 

O M 3 
0} 

(0 (0 D 

x> x 32 

4_) O . 

a) E •.-* 

jC ° £ 

H 4-> <0 0u 


0) O 4J H H . 

X3 H C ^ C 

4J 0) -H 

O' 3 3 X 
O * c CO 

4J <u (Q a) c 
C C i_j M “H U 

o.h^o^3 

■2^8“ "S 
i c 2 S «* H 

O a) ^ rH -p <« 

5 O'—, <0 3 x: 
.C?J3°y 
5 <0 5 ^ 

X ij 3 ■* • ^ — 
n 


H 0) J 

^ x; 


2 o 


S 03 

<0 (tj 


»H U ^ CQ 

•H 4 J V 4) 13 O 

s XJ >, 0) W 

„ +J to « 

•1) fl H H CD 

4-> <H Q. C 
•H • .h • QU ^ 

2 c 3 c m w 

g -H -H *H 

g* 1 > I S J5 

o o . cu 

u . xa -C 

<« 9* o 2 *® 

U3 O O g. 

3S co g >1 

co o5 ^ m 

< c *h £ o 


x4 x: 

S U4J 
X3 *H 

x: • 
4J c 


<u g 
. .c <3 

^ 4-> C0 

•8 ® ® 


X5 01 <U 

5 ^ 1 1; 2 ^ 

3 n S 5 o w 

£ 3 = & .3 

-H O « ® -S ^3 
3 h x: ^ u 

T3 ^ 4J co -h 
c +! c x: 
<0 ,p < ^ 5 

co 'M M o <u 
O CO C U 
to 2 C -H 

•H <U ^ C *H 
«C »H <D 4-1 

i) D'c H ^ o 

O' S -S -y 5 a 

c 5 o 

• H c a> 2£ 0 ^ 

4 J 10 2: O'u 

o 5 c c 

D «u 4J as t3 O 

4J I *H T3 

CO rH o ^ q 

c <u 4 J a. 3 

o m ^ ) a o 

0 T3 a a) era 3 

q £ c 

c 3 o m o) a; 

h g uHxii 


c 4J 


U W 
O X) 

3 <0 
^ O 
4J r-4 
CO 

C CP 

0 5 

M, 

4-4 q 

O 3 

xa 

a) _. 

1 1 *H 


•H 
CO o 
<D 

x: a 

£-♦ C0 


1 


290 












DACC COMPOSITE SHROUD 



MANNED SPACE SYSTEMS 

























DACC SHROUD WEIGHT COMPARISON 


TJ P *H 
3 M (0 
O O 1-t 
H Q. P 
JZ Qt jJ 
CO 3 O 
to 3 
TJ _ U 
4) TJ +j 

N 5 CO 
-H O 
(- 1 -^ 0 ) 

3 > £ 
co J9 m 

co CU (/j 
0 ) 

ac 2 

f *5 

<D M "9 

C -H 

0’S » 

PC . 

c S S' 2 

o ? •'j • C 
co £ w o 

-H ° £ -H 

M-l X3 4-> 

03 — <0 

till 


<= « 

§g 

o M 


°s®i 

TJ 5 g 
c • o 

(0 ^ CO U 

glia. 

1-82 

S-S 8 8 

£ O sz <u 

M u p j3 
, £ O +j 

•« W J3 

•£, o» 

*jj O *H 
36 V» 144 S* 

•* 0 ) o 

« £ T3 H 

2 <u aj 

^ T3 r > 

^ <D .h <I> 
N I] T3 
2 -H *3 
5 p 2 c 

O 3 2 *H 

£ (0 5 

CO CO ^ CO 
<D rtJ P 
4J M r c 
p a ft <B 

rO J g 
x: a> * <u 


4J 2*W 

co £ d 
-H 13 03 o’ 

x: c a) a) 
h m X3 p 


g <u 4-» a) 
§ J3 « -C 

O jj ij 

T3 ^ T5 
^ 4j O o 
„•#£ «s 

a-s * § 

a) 2 a, -h 
C 5 r 4J 

g m 5 « 
o-jK ^ n 


2 * ?M 
P .*1 3 

§,S « « 

01 .l! -H CO 

•n 3 p <u 

8 -5 S S 

u 11 M Qi 

p a « m 

•h o 2 ® 
S 3 > 
0^*0 


£ Eh _. 

9 J 13 <w 

• 8 . 2 ° 

• 08*3 

2 § 3 

<d -H co *« 

> g <u V, 

•h r U ® 

m M <u 
£ c cn 

<4-1 W C 

° . A -H 

CO gj ^ C 

»S2S 

2 a r 

CO J2 Q.—J 
g-Q «.H 
u « (o o 

T)H£ <11 

§'g e 5 

p 

£ • P 

w <u 3 a 
— x; <u m 
H o o u 

H 73 ■O 2 
Tj <U 4J c 

S p m 3 

/II _ 


<u 

> CO 
*H rO 


O . 
o CO 


2 P 3 o 


os a) 


4-> C 


-» cn 2* 
p c o> 5 u 

0 > ^0 <n 

£ C 

*"* «* <U *H g 

v a* c c -w 

X3 03 03 0<X2 
h o a*H p 


P T3 

0 ) c 

C o3 

c 

-H <y 


03 <0 


<u § 

g-S 

2 p 


o« 
Cn £"• 

c 

•H 

4-) 

CO -a 

-H O 
CO O 

C 3 
O 

O (0 


2 05 
•H O 
U CO 
3 pH 
CO 03 
CO 

a) xi 
M O 

S* 3 

« T3 


<U p-4 

p oj a> a> 

?AAJU 
M CO 
2 <4-4 T3 co 
SOOQ 


o o o 

-P4 03 

? 03 

* 0^0 
C T3 i i 


CO 03 


C , 's x 

.2 # 
rj -m 

«»*d 

U X* 
3 a 

12 


° "0 *0 
>g § 

o 

g-’S- 

^ <D m 


a> 73 r 


o >w o 

O O 3 

•o a> ij 

5 TJ « 


CO a 


O'J3 


O £ 


g*4J 

o 3 


< 1 ) T3 
A C 


__ w 

3 A 
C ^ 

O <4-4 


03 A 


03 03 


03 <U co *0 

4-1 *H <U 
CO -H <D 
0 ) CO 5 JI C 

o O c 

5 9**h 2 
32 S > •?. 


CD Jj 
a) x- 

c > ^ 


? 03 

rj c 


O' S 
3 ** 

5^ 


3 -a <o 

5 o * 
„u-a 

o CO o 

4-» M 
C ® JS 


TJ 

<o 2 


•H -P 
*p4 

CO co 
4J O 

a Q- 

<U £ 

o o 
c o 
o 

a <u 


co <d 
cn • 
H (0 ^ 
03 2 

p c 2 

CD <0 y 

£ > «C 

65 -6 CO 
CD CO /n 


g="S 

•H C 
CO o CO 

a> < 4-1 x: J 


•p 3 p rj 

C a> r- 

Sst § 

jS 5 u 

<W . < 1 ) »H 

a os 


03 f-. 4 J 

0 ) U 


03 4 

•h x: ^ 

Zl O' £ 
(fl *H 3 


CO 3 
C 

03 P 


H 33 <5) 
<D -P N 
3 O -p 
0 rH 
p P 03 
a) p <u 
c co P 


■c c 
■p o 

<u U 

x: 15 

P N 
C p 

•p4 

_ CO 

T3 co 
a) a) 


292 

























DACC SHROUD WEIGHT COMPARISON 


co d. 

< H 

d x 

Lu O 

Q LU 

5 


C-OO^OOOh- 

o 

o 

CO CM O CM 



«cr + co + 

CM 

CM 

+ • 

+ 

+ 


lu 

$ 

I 

* 

£ 

t 

I 


a 

UJ 

u n _ 

t = g 

w « - 

2 <2 £ 

5 DC O 

O i LU 
O Z $ 


(OCONIflO^ 

in n id cm cnn 

m T- T- T" ^ 

CM 


CONr'tffl^fOtO 

9 r in r*. CM CM 
CM CM U) CO 


Q —« 
LU CQ 
N J, 

JE u 

< 3 S 

tig <2 

3 Si “i 

£ s 


(o co cm in co ^ 

W C- lO CM CM W 

in 1 - t- i- 

CM 


rNrCOOICO® 
CO <o O) in N CM O) 

r* t- co cm 


o< 

c o 

o = 

m ►— 
H- O 
OLU 

£ £ uj 

£ % 

h < y 
0 2 2 

2 DC O 
DC LU > 

£ <0 5 < 


> 

O 

I UJ 2 
O o W 

2lz 

izF 

OQZ 
DC £C O 

£oo 


UjO 

gin 

go< 

DC 

z 

(0 


o' 

>E 

z! 

|£g 

h* -J LU 
< < 2 
52 a: 

<Eq 

CL LU y 
LU X ? 
CO P °* 


1“ 

£ kS 

z 1 o 

S|f 

StS 

o 5 o 


MANNED SPACE SYSTEMS 




















PRESSURE AT IGNITION AND SHROUD GEOMETRY 



<D V 
u c 


cO 


P 
CO 

co 0^ 


a) c 

U m *4 

a * 


<u a> 
> 


c 

(0 


c 

0) 

x: 

3 


P 

o 

a> 

c 

c 

o 

o . 
u 

<D <D 

x: p 


c 

a> 

o 


-P <o 

-H 

O'-H 
*H C0 

a <u 

(0 ID ^ 


o 

V 


W *-l jj 

m in ^ 
P • 


O O -h 
O CO 

° s a 

o 

&) u o 
c p o 
-h cn 

TO * 

CO 0) 

o 'r 1 

- s 

a) > 

n *2 

3 p 

« 2 a 

■pi 


o 

p 


(U 

O 

c 


co '2 P 

P CO 


3 *H 


0) 

Q* ^ 

P rH 
O <0 

x: * 
co 
<u 

W (D X2 
<0 2 P 

U P*£ 


M 

O 

P 


P 

co 

O 


CO 


c 

o d) 

CO 


3 p 

CO 


w fO 
0) 


0) 

x: 

e-» 


■H 

<v 


u 

u 

c 




294 






















(ISd) 3UHSS3W 
TVNaaua 


MANNED SPACE SYSTEMS 




















STS STRUCTURAL DESIGN REQUIREMENTS 


























UJ 

DC 


O 

UJ 

DC 


g 

(0 

UJ 

Q 


< 

DC 


CO 

CO 


(0 


£ 

Itt 

$ 

1 

l 

fc 

I 



© 

*o 


08 

15 


a 

05 

• 

a 

05 

a 

p" 

(*5 

PS 

00 

• 

a 

C 3 

CO 

• 

o 

CN 

• 

O 

o 

io 

o 

II 

+ 

i 

II 

CO 

II 

© 

3 

© 

II 

15 


15 

E 

• II 

15 

15 

£ 


* 

© 


© 

Q. 


3 


X w 
< 2 


© 

CO 


O -8 


lLI tS 


o 

© 

u. 


15 

.a 

© 

> 

c 

o 

• • 

• • 

o 


o 

+4BMP 

5t 

o 

Tf 

• 

o 

• 

c 

o 

© 

© 

O 

C 

o 

© 


PS 

•wn 

© 

«mJ 

• 

• 

C 

_ra 

o 

o 

< 

• 

• 


O 

if) 

cs 
• • 
O) 

c 

c 

© 


MANNED SPACE SYSTEMS 




















STRUCTURAL ANALYSIS SUMMARY 
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The rack support beams are simply supported at the vehicle wall. Although 
several runs were made with the fuel tank struts both fixed and free/ no 
significant load difference or deflection was found. 




























COMPARISON of LCV vs ACC OTV CAP LOADS 
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LCV OTV AIRFRAME STRUCTURAL ANALYSIS 
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LCV OTV AIRFRAME STRUCTURAL ANALYSIS 
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through 104.) Note that these tubes could be part of the payload support 
structure. The aft ends of the fuel tanks are also tied together with four 
struts (see NASTRAN Model, element numbers 15109, 151091, 90152, and 9451). 
These struts remain with the OTV to stabilize the fuel tanks. 
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EARTH RETURN TO LOW ORBIT 












The process of aer-capture is very similar to that of aeroassist, illustrated previously, except that the 
incoming trajectory is hyperbolic. This means that without the aero-maneuver the vehicle would escape the 
planet, hence the term "aerocapture". Otherwise the principal is the same with an aero phase followed by a 
perigee raise maneuver, performed at apogee. Also shown is a lander option which would deploy an entry capsule 
to the surface after a stable park orbit is achieved. 
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strong interest in the plane 
ccrnnunication relay links. 















AEROASSIST CONDITIONS - MARS ENTRIES 
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Peak entry deceleration is shown for continuous lift up and lift down trajectories. The highest values of 
deceleration are always encountered in the lift up case which is thus used as a worst case loading condition for 
structural sizing. 
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EARTH CAPTURE AERO-ENTRY ERROR ANALYSIS: C3=8 
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EARTH CAPTURE, C3=8 - CONTROL & LOADS 
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EARTH CAPTURE AERO-ENTRY ERROR ANALYSIS: C3=16 
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EARTH CAPTURE, C3= 16 - HEATING 
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EARTH CAPTURE, C3= 32 - HEATING 
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EARTH CAPTURE AERO-ENTRY ERROR ANALYSIS: C3=68 
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EARTH CAPTURE AERO-ENTRY ERROR ANALYSIS: C3=68 
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EARTH CAPTURE, C3= 68 - HEATING 
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CONTROL VS AERO DELTA-V : EARTH RETURN 
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CONTROL VS AERO DELTA-V : EARTH CAPTURE 
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LOAD RELIEF 
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LUNAR LOADS, L/D = 0.12 
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LUNAR LOADS, L/D =0.14 

» 

This chart shows the peak load profile spanning the control corridor for a vehicle returning frcm the moon with 
an L/D of 0.14 to a Space Station pickup orbit at an altitude of 245 nm. By utilizing the upper 5.5 nm for 
flight, peak loads are reduced to 4.0 g's. 



442 



















LUNAR LOADS, g-RELIEF: L/D = 0.14 
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LUNAR AERO LOAD RELIEF 
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In order to assess lunar logistics missions, a design for the lunar return aercbrake had to be undertaken. Th 
chart summarizes the salient features of this device. The heaviest return payload was used which is the 15000 
1 manned cab. Load relief, discussed previously, was used to reduce the peak deceleration loads to 4.0 g s. 

























LUNAR AEROBRAKE CHARACTERISTICS 
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izes the basic subsystem weights for the lunar and GEO return aercbrakes used on the space 
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LUNAR AEROBRAKE WEIGHTS 
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